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I. INTRODUCTION
During the last century, a large number of
rivers have been artificially straightened in or-
der to improve the manoeuvrability of ships,
ease the drainage of rain water and make more
space for expanding urban areas. These mea-
sures, however, brought along a number of
drawbacks. Nowadays, the trend in river man-
agement is to give the river back its former
space and to restore its natural flow and mean-
dering pattern.
In order to accurately predict this remeander-
ing process of artificially straightened rivers,
detailed knowledge of the flow characteristics
and sediment transport processes in meander-
ing river bends is required. To this end, a 3D
Computational Fluid Dynamics (CFD) model
is being developed at the Hydraulics Labora-
tory of Ghent University, and experiments in a
physical flume are being performed for valida-
tion of this numerical model.
II. PHYSICAL MODEL
The physical model shown in Fig.1 repre-
sents two wavelengths of a meandering regime
channel [1] with a fixed rectangular cross-
section. At the inlet, the discharge is deter-
mined by means of a calibrated triangular weir;
at the outlet, the water flows over a rectangu-
lar weir with adjustable height. In the exper-
iments conducted so far, the model is solely
used to measure velocity profiles in a meander
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Figure 1. Physical model and numerical grid [m].
bend. In further research, experiments with a
deformable bed will be conducted to include
morphological processes. This will allow for
the validation of the numerical sediment trans-
port module.
III. NUMERICAL MODEL
A. Model equations
The flow field is governed by the continu-
ity equation and the Reynolds-averaged Navier-
Stokes (RANS) equations , in which closure for
the effective shear stresses is provided by the
standard k-epsilon turbulence model [2].
In order to predict the water surface eleva-
tion, the Volume of Fluid method [3] has been
incorporated into the solution of the RANS
equations.
B. Numerical grid and boundary conditions
Numerical computations are performed on a
hexahedral, structured grid. At the inlet, the
velocity distribution for both phases is given,
consistent with the water discharge through the
model. At the downstream end the water depth
is specified, along with a zero gradient bound-
ary condition. At the river bed, the standard
wall function [4] for a smooth bed is employed.
The turbulent kinetic energy k and dissipation
Figure 2. Experimental (top frame) and numerical
(bottom frame) velocity profiles [m/s].
rate of the fluid flow at the upstream and down-
stream boundaries are determined by specify-
ing a value for the turbulent intensity of the
fluid flow.
C. Solution strategy
The governing fluid flow equations are
solved by means of the control volume method.
The Power Law scheme [5] is used for the
space discretisation of the convection terms,
while a second order implicit scheme is used
for the discretisation of the transient terms. For
pressure-velocity coupling, the PISO scheme
[6] is employed
IV. RESULTS
• Numerical water depths are according to
those in the experiments, with a superelevation
of the water surface in the outer meander bends.
• Measurements of the longstream velocities
were carried out in several cross-sections along
the channel length, indicated in Fig.1, by means
of an electromagnetic velocity meter and de-
tailed Particle Image Velocimetry (PIV) mea-
surements. The numerical longstream veloc-
ity profiles are in good agreement with the ex-
perimental velocity profiles. The maximum
longstream velocity appears at the inner bank,
right before the apex of the meander bend.
Fig.2 shows the experimental and numerical re-
sults for cross-section 17.
• Numerical and physical streamlines follow
the same path, which indicates that the numeri-
cal model captures the spiral motion of the sec-
ondary current. Moreover, the secondary cur-
rent in both models does not alter its rotation
in between meander bends. A possible expla-
nation is the lack of frictional effects. Indeed,
with increasing bottom roughness or channel
length in the numerical model, the secondary
current does alter its direction of rotation. Extra
physical measurements are necessary to visu-
alise the secondary current and study this phe-
nomenon in detail.
V. FURTHER RESEARCH
Further measurements are planned to mea-
sure the direction of the secondary current by
means of an Acoustic Doppler Velocity Meter
(ADV). In the next phase, formulas for sedi-
ment transport and bank erosion will be added
to the numerical model, and a series of exper-
iments with deformable bed and banks will be
conducted in order to validate these numerical
modules.
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